Since chlorpromazine hydrochloride [2-chloro-10-(3-dimethylaminopropyl)-phenothiazine hydrochloride] is commonly implicated in causing bile-secretory failure in man and is secreted into bile, we have studied the physicochemical interactions of the drug with the major components of bile in vitro. Chlorpromazine. hydrochloride molecules are amphiphilic by virtue of possessing a polar tertiary amine group linked by a short paraffin chain to a tricyclic hydrophobic part. At pH values below the apparent pK (pK,, 7.4) the molecules are water-soluble cationic detergents. We show that bile salts in concentrations above their critical micellar concentrations are precipitated from solution by chlorprotazine hydrochloride as insoluble 1: 1 salt complexes. In the case of mixed bile-salt/phosphatidylcholine micellar solutions, however, the degree of precipitation is inhibited by the phospholipid in proportion to its mole fraction. With increases in the concentration of chiorpromazine hydrochloride or. bile salt, micellar solubilization of the .precipitated complexes results. Sonicated dispersions of the negatively charged phospholipid phosphatidylserine were also precipitated, but dispersions of the-zwitterionic phospholipid phosphatidylcholine werp not. Chlorpromazine hydrochloride efficiently solubilized these membran phospholipids as mixed micellar solutions when the drug: phospholipid molar ratio reached 4:1. Polarizing-microscopy and X-ray-diffraction studies revealed that the. precipitated complexes were amorphous and potentiometric studies confirmed the presence of a salt bond. Some dissociation of the complex occurred in the, case of the most polar bile salt (K, 0.365). As canalicular bile-salt secretion determines much of bileowater flow, we propose that complexing and precipitation of bile salts by chlorpromazine hydrochloride and its metabolites may be physicochemically related to th-e reversible bile-secretory failure produced by this drug.
studies confirmed the presence of a salt bond. Some dissociation of the complex occurred in the, case of the most polar bile salt (K, 0.365). As canalicular bile-salt secretion determines much of bileowater flow, we propose that complexing and precipitation of bile salts by chlorpromazine hydrochloride and its metabolites may be physicochemically related to th-e reversible bile-secretory failure produced by this drug.
The phenothiazines, which are widely used in clinical medicine and psychiatry (Swazey, 1974) , result in reversible bile-secretory fqt$e (cholestasis) and liver injury in a large proportion of individuals (Sherlock, 1968; Popper, 1968) . In-about 50% of subjects treated with chlorpromazine hydrochloride (proprietary names: Thorazine, Largactil, Megaphen), morphological and standard liver-function tests are consistent with mild subclinical cholestatic liver damage (DeVore et al., 1956; Dickes.et al., 1957; , Bartholomew et al., 1958) . Chlorpromazine
To whom correspondence and reprint requests should be addressed at the Department of Medicine, Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston, MA 02115, U.S.A. that inhibition of bile flow both in dogs (Stefko & Zbinden, 1963; Sharma & Prasad, 1967) and in perfused rat liver preparations (Clodi & Schnack, 1960; Kendler et al., 1971) occurs with chlorpromazine hydrochloride and is related to dose, no physicochemical studies have been carried out on the interactions of the drug with bile salts, the major organic anions in mammalian bile, and the substances responsible for much of bile-water flow (Wheeler, 1969; Erlinger, 1972) . At physiological pH one would expect that bile salts (Plate 1), which are anionic detergent-like molecules (Carey & Small, 1972) , and chlorpromazine hydrochloride (Plate 1), which is acationicdetergent (Scholtan, 1955; Attwood et al., 1974) (197-199°C, uncorr ., by hot-stage microscopy). The material was stored in actinic containers at 4°C under N2. Sodium taurocholate (sodium salt of 3a,7a,12a-trihydroxy-5fi-cholanoyltaurine), sodium glycocholate (sodium salt of 3a,7a,12a-trihydroxy-5fi-cholanoylglycine), and sodium taurolithocholate (sodium salt of 3a-hydroxy5f-cholanoyltaurine) were obtained from Calbiochem (San Diego, CA, U.S.A.) and were at least 98 % pure by t.l.c. [200.ug spots in chloroform/methanol/ acetic acid (13: 3: 1, by vol.)] and were used as received. Sodium taurochenodeoxycholate (sodium salt of 3a,7a-dihydroxy-5fl-cholanoyltaurine) was obtained from Maybridge Co. (Tintagel, Cornwall, U.K.) and was purified by thrice washing a concentrated aqueous solution at pH2.0 with dry diethyl ether to remove contaminating free bile acids and dried by freeze-drying (Carey & Small, 1969) . Grade-I egg-yolk phosphatidylcholine (1,2-diacyl-sn-glycero-3-phosphorylcholine) and the sodium salt of phosphatidylserine (1,2-diacyl-snglycero-3-phosphorylserine) from bovine spinal cord (Lipid Products, Redhill, Surrey, U.K.) and anhydrous cholesterol (Hormel Institute, Austin, MN, U.S.A.) were pure by t.l.c. [200,ug spots in chloro- form/methanol/water (18: 8: 1, by vol.)]. Long-chain saturated fatty acids (C6-C16) were purchased from the Hormel Institute and were found to be at least 99 % pure by differential thermal analysis (5 mg samples) and potentiometric titration of 1 g/dl solutions with 0.5M-HCI. The sodium salts were prepared by adding a stoicheiometric amount of 1 M-NaOH in 50% (v/v) ethanol and drying under reduced pressure. Gel-electrophoresis-grade sodium dodecyl sulphate was obtained from Bio-Rad Laboratories (San Diego, CA, U.S.A.) and was shown pure by potentiometric titration with 0.5M-HCI (lg/dl solution) and by surface-tension measurements. The material gave the expected titration curve over the pH range of 12-1 and precise equivalence was found between the numbers of mol of sodium dodecyl sulphate and the number of mol of HCI used to titrate it, indicating the absence of fatty acid and inorganic electrolyte impurities. The non-existence of a minimum in the surfacetension-log (sodium dodecyl sulphate concn.) curve in the vicinity of the critical micellar concentration indicated that dodecanol was not a significant contaminant (Elworthy & Mysels, 1966 (Leo Pharmaceutical Company, Ballerup, Denmark) and were at least 99% pure as described previously (Carey & Small, 1973) . Cephalosporin P1 (3a,7fl-dihydroxy-6a,16fl-diacetoxyfusida-17(20) [16,21- (Small et al., 1966) . Samples of hepatic bile were obtained from a female Rhesus monkey (Macaca mulatta) with a chronic biliary fistula and were assayed for total bile salts, phospholipids and cholesterol as described by Admirand & Small (1968 The effects of varying the aqueous pH and temperature on the physical state of lipids and insoluble complex were documented. Estimates of viscosity were obtained by pressing on the cover slip and observing the deformation of the sample. Birefringence was determined under crossed polarizers and where detected, the effects of increasing the hot-stage temperature (1-2°C/min) were studied.
Potentiometric titrations. Individual samples of chlorpromazine hydrochloride (10, 20 and 40mM) and a 20mM-chlorpromazine hydrochloride/sodium taurocholate (molar ratio 1:1) mixture in 5mi portions were titrated with 0.5M-HCI and backtitrated with 0.5M-NaOH in a Radiometer titration assembly equipped with an H+ glass electrode and a micro-stirring apparatus at 25+± 1C. The titration assembly was kept in the dark after the addition ofeach portion of acid or base until the mixtures were equilibrated. A Tyndall cone was looked for periodically under illumination with a high-intensity lamp. Calculations of the solubility of chlorpromazine base and the apparent pK of chlorpromazine hydrochloride were carried out as described previously (Back & Steenberg, 1950; Small, 1971) .
X-ray diffraction. X-ray-diffraction studies on dry chlorpromazine hydrochloride, sodium taurocholate and the chlorpromazine-taurocholate molecularcomplex were performed with focusing cameras fitted with toroidal mirror optics and using nickel-filtered CuKcx radiation from an Elliot GX6 rotating anode generator operating at 4OmA and 40mV. Specimens were contained in Lindemann glass tubes or by Mylar windows in sealed copper sample holders. The sample-to-film distance was 61.85 mm.
Results

Turbidity measurements
The plots in Fig. 1 show the turbidity of 20mM mixtures of chlorpromazine hydrochloride and sodium taurocholate and of chlorpromazine hydrochloride and sodium dodecyl sulphate as a function 0 WI 3 2 of composition at 25°C. Broad absorbance maxima are observed, which reach a peak at mole fractions of 0.4 (sodium dodecyl sulphate) and 0.5 (sodium taurocholate). The turbidity of chlorpromazine hydrochloride and sodium taurocholate mixtures gradually cleared on heating, and the temperatures of total clearing varied with the sodium taurocholate mole fraction (Fig. 1, inset) . The turbidity of the chlorpromazine hydrochloride/sodium dodecyl sulphate mixtures did not clear over the temperature range 25-95°C. All taurine-and glycine-conjugated bile salts, sodium fusidate and its glycine and taurine conjugates, and the sodium salt of cephalosporin P1 (steroid detergents structurally resembling the bile salts; Carey & Small, 1973; Carey et al., 1975) (Small, 1971; Carey & Small, 1969) . mazine hydrochloride and sodium glycocholate and of chlorpromazine hydrochloride. and sodium taurocholate were turbid and the absorbance increastd in proportion to the concentratikn of the dug. At pH 2.0, the turbidity plot of mixtures of chlorpromazine hydrochloride and sodium taurocholate was similar to that at pH 6.0 (Fig. 1) , but with mixtures of chlorpromazine hydrochloride and sodium glycocholate only those mixtures with a mole fraction of 0.8 sodium glycocholate or more were tutbid. The absorbance of mixtuires (molar ratio 1:1) of the drug and taurine-conjugated mono-, di-and tri-hydroxy bile salts is 'shown in Fig. 2 as a function of total concentration of bile salt and chlo-ptomazine hydrochloride. The turbidity curves show that mixtures of chlorpromazine hydrochloride and sodium taurolithocholate precipitate at a lower total lipid concentration than mixtures of chlorpromazine hydrochloride and sodium taurochenodeoxycholate, which in turn precipitate at a concentration less than that of the mixtures of chlorpromazine hydrochloride and sodium taurocholate. In all cases the turbidity increases significantly with concentration. The maximum concentration of sodium taurolithocholate studied (0.5mM) is close to the limits of its aqueous solubility at 250C (Small & Admirand, 1969) . The concentration of each bile salt corresponding to the total concentration where the absorbance becomes significantly different from zero approximates to the ,Vol. 153 critical micellar concentration of the bile salts (Carey & Small, 1969; Small, 1971) .
The effects ofadded NaCl on the turbidity of 10mM solutions of chlorpromazine hydrochloride and sodium taurocholate in a 1:1 molar ratio were studied at 250C and 80°C. At 250C a sharp decrease in turbidity occurred (absorbance change 1.4) with small,additions of NaCl (final concn. 0.01-0.06M); however, the turbidity increased sharply to approximate to the initial values in water (1.8-2.0) on further additions of NaCl. The turbidity of the mixtures cleared (absorbance less than 0.05) at 80°C in the presence of 0.3 M-NaCl or less, whereas in electrolyte concentrations greater than I M-NaCl no significant change in turbidity occurred. These effects of temperature were reversible by cooling to 25°C and no metastable supersaturation was observed.
Mixed micellar solutions and liposomal dispersions
Turbidities of native monkey bile (1 1.9mM-bile salts, 1.3 mM-phosphatidylcholine and 0.14mM-cholesterol) and artificially prepared mixed micellar solutions of sodium taurocholate and phosphatidylcholine (all containing 10mm-sodium taurocholate) are shown plotted semilogarithmically as a function of the final concentration of added chlorpromazine hydrochloride in Fig. 3 . All turbidities reach a peak between a molar ratio of 1: 1 and 2: 1 chlorpromazine Table 1 . Physicochemical interactions of chlorpromazine hydrochloride with sonicated dispersions of phosphatidylserine andphosphatidylcholine Lipids were dried from chloroform/methanol (1:1, v/v) and sonicated for 30min in water at 0°C under argon. Aqueous solutions of chlorpromazine hydrochloride in water were then added to produce a range of concentrations. The solutions were equilibrated at room temperature for 48h. Final phospholipid concentration was 6mg/ml (pH6.0). Physical states were determined by polarized light-microscopy (magnification x 400), turbidity measurements (E75O, 1 cm light-path cells) and effects of freezing (-20°C) Polarizing and direct light-microscopic examination of precipitated complexes (molar ratio 1:1) of chlorpromazine hydrochloride and sodium taurocholate and of chlorpromazine hydrochloride and sodium dodecyl sulphate after desiccation revealed a single isotropic phase composed of a firm nonbirefringent glass. With the chlorpromazine-taurocholate complex, slight swelling but no evidence of dissolution occurred on the addition of water. However, partial dissolution resulted from the addition of acid (HCI, pH2.0) and base (NaOH, pH 13.0) during the 10-15 min ofobservation. The lyotropic behaviour of the chlorpromazine-dodecyl sulphate complex was similar to the above, except that on the addition of NaOH the complex grew myelin figures. Polarized light-microscopy of the precipitates from mixed micellar solutions revealed characteristic birefringent droplets of phosphatidylcholine together with isotropic oily complexes. The precipitates of phosphatidylserine and the drug formed solid isotropic particles containing scattered birefringent Maltese Crosses with a positive sign of birefringence. Analysis by t.l.c. revealed that precipitates (at pH6.0), irrespective of the initial bile-salt: chloropromazine hydrochloride ratio contained equimolar amounts of chlorpromazine and the bile-salt anion, with the component in excess being found in the supernatant phase. With bile salt/chlorpromazine hydrochloride mixtures (molar ratio 1:1), small amounts of uncomplexed lipids were found in the supernatants. With mixtures of the drug and sodium glycocholate, the precipitates were shown by t.l.c. to be mainly the protonated glycocholic acid at pH2.0 and chlorpromazine base at pH 13.0. Phosphatidylcholine and cholesterol, in addition to the insoluble chlorpromazine-bile-salt complex, were found in the pellet when mixed micelles and monkey bile were precipitated by the drug.
Potentiometric titrations
The forward and back equilibrium curves of 10mM-chlorpromazine hydrochloride and 10mM-Vol, 153 chlorpromazine hydrochloride plus 10mM-sodium taurocholate are shown in Figs. 4(a) and 4(b) respectively, and the forward titration curves for 20 and 40mM concentrations of the drug are shown in Figs. 5(a) and 5(b) respectively. The natural pH of chlorpromazine hydrochloride in water was approx. 5.4. This pH was adjusted to about 2.0 with 1 M-HCI and the forward titration carried out with 0.5M-NaOH, plotted in p1 on the abscissa (Figs. 4a, 5a and Sb). In the titration of lOmM-chlorpromazine hydrochloride (Fig. 4a) the solution was clear up to pH6.4, when a slight Tyndall effect was observed. Further additions of even small quantities of NaOH progressively increased the turbidity. At the inflexion point X, the concave slope of the curves becomes convex, indicating the first equivalence point where the reaction given in eqn. (1) starts. The plots then curve abruptly, and after Y (the pH of precipitation) further additions of NaOH lead to a plateau in the curves. Towards the end of the titrations this plateau portion changes to a steep concave up-sweep, and finally the reaction is complete at Z, where each curve shows a second inflexion point (final equivalence point).
This chemical reaction may be written: Chlorpromazine hydrochloride+ NaOH chlorpromazine base + NaCl + H20 (1) where chlorpromazine hydrochloride is the fully ionized salt and chlorpromazine base is the insoluble form. The backward reaction with HCI reverses the forward titration curve and may be written:
Chlorpromazine base + HCI -÷ chlorpromazine hydrochloride (2) In the titration of the mixture of 10mM-sodium taurocholate and lOmM-chlorpromazine hydrochloride (Fig. 4b) two phases are present at all pH values and the turbidity increases from pH2.0 to 10.2. The effects were reversible in the back titration with HCI (Fig. 4b) . As both lipids are added in equimolar concentrations the initial reaction may be written:
Chlorpromazine hydrochloride + sodium taurocholate = chlorpromazinetaurocholate complex + NaCI (3)
Calculations
The pK' of lOmM-chlorpromazinehydrochloridein water (25°C), calculated from the curve in Fig. 4 (a) (Back & Steenberg, 1950; Small, 1971) , is 7.44. Added 0.5M-HCI or 0.5M-NaOH (1) Fig. 4 . Potentiometric titration curves of chlorpromazine hydrochloride and a chlorpromazine hydrochloride/sodium taurocholate mixture (molar ratio 1:1) (a) Titration curve of lOmM-chlorpromazine hydrochloride in Sml of aqueous solution with0.5M-NaOH (-) and backtitration curve with 0.5M-HCI (----). Line X is drawn through, the first equivalence point where tIhe titration of the drug commences; the arrow at Y denotes the pH of precipitation (appearance of a Tyndall effect). Line Z is drawn through the final equivalence point where the titration of the drug is complete. (b) Titration curves of 10mM-chlorpromazine hydrochloride mixed with 10mM-sodium taurocholate in water:
Similar calculations from the titration curves in
, the forward-titration curve with 0.5M-NaOH; ----,the back-titration curve with 0.5 M-HCI. Lines atX and Zhave the same meanings as in(a). The system was turbid over the entire pH range. Lipids were weighed into volumetric flasks, diluted with water and adjusted to 5m :after mixing. Titrations were carried out in a closed Radiometer titration assembly under N2. Equilibrium pH values were recorded. Tyndall cones were observed under high-intensity illumination.
NaOH added between X and Y. In 10 and 20mM-chlorpromazine hydrochloride, the solubilities of the chlorpromazine base calculated from the titration curves are 0.2mM and 0.4mm respectively. A similar calculation for the solubility of the free base in 40mM-chlorpromazine hydrochloride- (Fig. Sb) gives a value of 2.65mM. As the critical micellar concentration of chlorpromazine hydrochloride is in the vicinity of 20mM under these conditions (Scholtan, 1955) , the micellar solubility of chlorpromazine base is therefore 2.25mM hydrochloride are required to solubilize completely 1 molecule of chlorproizine base in mixed micellar solution.
The presence of two inflexion points (X. Z) in the forward titration curve with NaOH of chlorpromazine hydrochlotide and sodium taurocholate as a 1 :1 molar mixture (Fig. 4b) indicates that a quantity of uncomplexed drug equivalent to 3.7mM is titrated. As the pK, of this bile salt is about 1.85 (Small, 1971) , it is reasonable to assume that neither taurocholate nor the insoluble complex is being titrated between pH5.5 and 9.8. If k1 and k2 are the rate constants of--the forward -and backward reactions in eqn. (3) the dissociation constant (K.) is:
As an amount of taurocholate equivalent to 3.7 mm must also be in uncomplexed form, 6.3 mm of each component must be complexed. From these values Ks = 0.345. This K. value indicates that at equilibrium the reaction has proceeded significantly to the right, i.e. in favour of the complex, but appreciable dissociation of the complex also ocurs.
X-ray diffraction
The chlorpromazine hydrochloride and sodium taurocholate powder patterns give several diffraction lines of varying intensity in the low-angle and wideangle (0.2-2nm) regions (Plates 2a and 2b) 
Discussion
These studies indicate that bile salts and chlorpromazine hydrochloride molecules interact electrostatically and precipitate from solution as a complex composed of one molecule of the drug and one molecule of bile salt, with the probable exclusion of a molecule of NaCI. As the aqueous solubilities of both chlorpromazine hydrochloride and bile salts depend on ionized polar groups (Scholtan, 1955; Small, 1971) , the most likely primary bonding is that of a salt linkage. This possibility is supported by the fact that the addition of acid (HCI) or of small amounts of NaCI and an elevation of temperature dissociates the precipitated complex. The observations that simple univalent inorganic salts and short-paraffin-chain carboxylic acid anions fail to induce precipitation, and that the more hydrophobic bile salts lower the concentration of lipids necessary for the appearance of measurable turbidity, suggest that secondary hydrophobic interactions are important in formation and perhaps stability of the complexes. The stability of the chlorpromazine-dodecyl sulphate complexes at high temperatures suggests that the contributions of the hydrophobic interactions are dominant with longchain aliphatic detergents. Concentrations of NaCl in excess of 1 M prevent thermal dissociation of the chlorpromazine-taurocholate complexes, possibly by preventing the solubility of the individual ions owing to dielectric saturation ofthe aqueous medium. The decrease in turbidity in the presence of a considerable excess of either chlorpromazine hydrochloride and sodium taurocholate or sodium dodecyl sulphate is consistent with solubilization of the complexes (molar ratio 1:1) by the detergent in excess as mixed micelles. The shape of the turbidity curves ( Fig. 1) indicates that sodium dodecyl sulphate micelles are much more efficient solubilizers than bilesalt micelles and that the micelles of the drug poorly solubilize the chlorpromazine-dodecyl sulphate complex compared with the chlorpromazine-taurocholate complex. The poor mixed-micellar solubility of the former complex also suggests that hydrophobic interactions between the non-polar part of sodium dodecyl sulphate and the two phenyl rings of the chlorpromazine molecule result in weak mutual interactions between the chlorpromazine in the complex and chlorpromazine hydrochloride molecules in mixed micelles.
The ability of small quantities of micellized phosphatidylcholine to diminish the degree of turbidity in proportion to increases in the phosphatidylcholine: bile-salt ratio and eventually to inhibit precipitation completely suggests that bile-saltphosphatidylcholine mixed micelles of a certain size solubilize the complexes formed. Alternatively, the added chlorpromazine hydrochloride could interact with the phosphatidylcholine molecules in the micelles by interdigitation between the phospholipid molecules in a similar fashion to what has been suggested for phenothiazine-lecithin interactions in monolayers and bilayers (Zografi & Auslander, 1965; Sears & Brandes, 1969-72; Chapman, 1975 (Small, 1970) . Typical long-chain anionic and cationic detergents are well known to form insoluble hydrophobic salts in solution, and this observation led to one of the classical quantitative assays for cationic detergents (Cross, 1970) . Further, the admixture of non-ionic surfactants interfered with end points detected by turbidity or prevented their occurrence (Cross, 1970) , suggesting a general analogy with the effects of phosphatidylcholine in inhibiting the precipitation of bile salts by chlorpromazine hydrochloride. Scowen & Leja (1967) showed that precipitates obtained by mixing anionic and cationic detergents were stoicheiometrically composed as reciprocal salt pairs and confirmed their ionic character by u.v.-and i.r.-spectral analysis. Similar conclusions were reached by other investigators from phase equilibria and partition coefficient data on typical anionic-cationic detergent systems (Matalon et al., 1951; Boffey et al., 1959; Zografi et a!., 1964; Scott, 1968; Chen & Hall, 1973) .
Electrostatic interactions between the phenothiazines, including chlorpromazine hydrochloride and various other important anionic biological materials, have been described previously. For example, chlorpromazine hydrochloride added to solutions of organic polyphosphate (Hele, 1964) , ATP (Moriguchi et al., 1972) , caffeine (Nakano, 1971) , riboflavin (Yagi et al., 1959; Nakano, 1971) , Vol. 153 gangliosides (Harris & Saifer, 1962) , chondroitin sulphate (Harris et al., 1960) and DNA (Kantesaria & Marfey, 1975) leads to precipitation of insoluble complexes. In these studies turbidity was also maximal to a 1:1 molar stoicheiomnetry of chlorpromazine hydrochloride per charged group of the soluble anionic compound. Increases of temperature and suppression of ionization at extremes of pH or by the addition of a neutral inorganic salt in these studies also either inhibited hydrophobic salt formation or caused dissolution of the precipitates.
The fact that chlorpromazine hydrochloride induces a decreased bile flow in animals and in isolated rat liver preparations (Stefko & Zbinden, 1963; Sharma & Prasad, 1967; Kendler et al., 1971) , and the reports that almost 50 % ofpatients taking the drug for long periods develop evidence of hepatic dysfunction (DeVore etal., 1956; Bartholomew et al., 1958; Dickes et al., 1957) , strongiy suggest that chlorpromazine hydrochloride may have an intrinsic toxic effect on the liver. In view of the fact that the drug and its major metabolites are cationic molecules and are secreted into bile, it is logical to suggest from the present studies that ionic binding of bile salts in the liver by chlorpromazine hydrochloride or by its metabolites could be the initial step in compromising bile-salt output and bile flow during the administration of these drugs.
Even though conspicuous 'bile plugs' have been described in patients with chlorpromazine-induced cholestatic jaundice (Bartholomew et al., 1958; Popper, 1968) no information is available on their composition. Even if one speculates that precipitation of bile salts might occur within hepatic cells, canalicular membranes or canaliculi, such hydrophobic precipitates would in all probability be removed by organic solvents during the graded dehydrated procedures used in the preparation of tissue sections for conventional light-and electronmicroscopy. As an alternative, freeze-fracture electron microscopy suggests itself as a valid alternative procedure for morphological studies of the liver in chlorpromazine hydrochloride-induced cholestasis.
It is also puzzling why mild cholestatic liver damage is observed in only 50 % ofindividuals treated with chlorpromazine hydrochloride. One explanation is that routine tests of liver function are not subtle enough to detect mild degrees of functional liver impairment in man. The development of an intravenous bile-salt-tolerance test (LaRusso et al., 1975) which measures the plasma disappearance rate of a conjugated bile salt by radioimmunoassay may be a more specific clinical test for detecting minimal bile-secretory failure in this condition.
We have studied the effects ofintravenous infusions of 14C-labelled chlorpromazine hydrochloride on biliary lipid outputs and bile secretion (Ros et a!., 1975) in a Rhesus monkey model prepared with a chronic biliary fistula . Our preliminary data indicate a high cumulative secretion of radioactivity in bile associated with a diminution in bile flow, bile-salt output and other biliary lipid outputs, the degree of which increased with increases in the pharmacological dose ofadministered chlorpromazine hydrochloride (Ros et al., 1975) . Impairment of bile flow was due to inhibition of both bile-salt-dependent and bile-salt-independent flow, suggesting that if bile salts are complexed in vivo by chlorpromazine hydrochloride it is not the only mechanism for bile-secretory failure in the primate. Therefore in addition it is tempting to postulate that complexing or micellar solubilization of certain important membrane lipids by chlorpromazine hydrochloride as demonstrated in the present work mayjepardize canalicular membrane Na++K+-dependent adenosine triphosphatase activity, which is thought to be responsible for the membrane sodium pump related to bile-salt-independent canalicular bile flow (Erlinger & Dhumeaux, 1974) .
